We demonstrate the successful flip-chip bonding and DC characterization of commercial photodiode chips via micro-bumps of indium and silver nano-particle (AgNP) based inks, printed using the Laser-Induced Forward Transfer (LIFT) technique.
Introduction
There is an ever-increasing demand for miniaturization and in turn high-density circuits in the micro-electronics industry. In order to achieve this, efficient interconnection techniques are a pre-requisite. The existing interconnection techniques do not provide a combination of flexibility and high accuracy especially for fine-pitch bonding on a single chip scale. In this paper, we report the use of a laser-based bumping process called laser-induced forward transfer (LIFT) for flip-chip (FC) bonding of single photodiode (PD) array chips (schematic shown in fig.  1(a) ). LIFT is a direct-write method for controlled printing of a wide range of materials and devices with micron and sub-micron resolution [1] [2] [3] . LIFT offers several advantages such as low temperature processing, flexibility, simplicity and high accuracy, thereby making it an excellent candidate as an interconnection technique.
Experiments and results

Micro-bump transfer
For the LIFT experiments, two different materials (donor) namely: indium and silver nano-particle (AgNP) based ink (U5603 from Sunchemicals) were used. Thin films of these materials were deposited onto glass substrates (carrier) employing evaporation and spin coating (3000 rpm, 20s) respectively. For the case of ink, after spincoating the donor samples were kept for ~ 4 hours under ambient conditions to achieve an optimum AgNP concentration and viscosity. The receiver comprised of glass substrates with 80 µm x 80 µm x 5 µm lithographically patterned Ni-Au plated bond-pads. The donor-receiver assembly was then mounted on a X-Y translation stage and single laser pulses from a Timebandwidth Duetto (355 nm, 12 ps) laser were then focused at the carrier-donor interface thereby, providing the thrust required to forward-transfer well defined micro-dots of the donor onto the receiver bond-pads. For the case of indium, six bumps were stacked on top of each other sequentially to achieve a bump thickness of 1.5 µm. All experiments were performed in air and at room temperature. Inset of fig. 1(b) shows the optical microscope image of a typical receiver substrate having micro-bumps laser-printed onto its contact pads.
Flip-chip bonding of photodetectors
Commercially available photodiode array (1 x 4) chips (1 x 0.450 x 0.15 mm 3 ) from Albis Optoelectronics were then bonded to the LIFT assisted bumped receiver substrates using a semi-automatic flip-chip bonder (T-320X) from Tresky. Thermo-compression bonding technique was employed to establish an electrical and mechanical interconnection between the PDs and the substrates. The various key experimental parameters for LIFTing and bonding are depicted in the table below.
DC characterization of the bonded assembly
The FC bonded assemblies were then subsequently characterized both electrically and optically. A 980 nm LED source was used to illuminate the detector and a current/voltage source-meter unit (Keithley 2401) to reversely bias the PD and to read out the generated photocurrent. Figure 1 (b) shows the recorded photocurrent at different input powers as a function of applied bias voltage thereby, verifying the successful functioning of the PDs post-bonding. 
Conclusions
In conclusion, LIFT-assisted thermo-compression FC bonding and DC characterization of single PD chips was successfully demonstrated using indium and AgNP based ink bumps. Experiments to determine the life-time of the bonded devices and their RF characterization are currently underway. The presented results show the great potential of the LIFT technique for high-density FC interconnections.
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